Bystander killing of malignant cells via the delivery of engineered thymidine-active deoxycytidine kinase for suicide gene therapy of cancer.
Activity and specificity of chemotherapeutic agents against solid tumors can be augmented via the targeted or localized delivery of 'suicide' genes. Selective activation of specific prodrugs in cells expressing the 'suicide' gene drives their elimination by apoptosis, while also enabling the killing of adjacent bystander cells. Strong bystander effects can compensate for poor 'suicide' gene delivery, and depend on the prodrugs used and mechanisms for the acquisition of activated drug by the bystander population, such as the presence of gap junctional intercellular communications. Although a number of 'suicide' gene therapies for cancer have been developed and characterized, such as herpes simplex virus-derived thymidine kinase (HSV-tk)-based activation of ganciclovir, their limited success highlights the need for the development of more robust approaches. Limiting activation kinetics and evolution of chemoresistance are major obstacles. Here we describe 'suicide' gene therapy of cancer based on the lentivirus-mediated delivery of a thymidine-active human deoxycytidine kinase variant. This enzyme possesses substrate plasticity that enables it to activate a multitude of prodrugs, some with distinct mechanisms of action. We evaluated the magnitude and mechanisms of bystander effects induced by different prodrugs, and show that when used in combination, they can synergistically enhance the bystander effect while avoiding off-target toxicity.